Objective. To elucidate the hospital characteristics associated with hospital performance and time trends in acute myocardial infarction (AMI) care using multilevel multivariable analysis of longitudinal data.
Introduction
In recent years, hospital networks and other organizations in Japan have begun to publically disclose hospital performances with support from the Ministry of Health, Labour and Welfare. The quality indicators used in these disclosures are predominantly process measures, which can provide several advantages over outcome measures. For example, process measures can be more easily used to provide feedback for quality improvement initiatives. Also, process measures generally require less risk adjustment for patient severity and case mix than most outcome measures. In addition, data for process measures are usually collected more quickly than outcomes data [1] . However, there is a lack of evidence to support a direct association between the quality of care in process measures and improved performance in outcomes [2] [3] [4] [5] [6] [7] . Process measures may, therefore, be utilized not as direct goals of objective quality, but instead as indicators to evaluate improvements of healthcare quality and standardization, as well as for public disclosure for accountability [1, 8] .
It has been suggested that hospital characteristics may influence hospital performance in the provision of healthcare [9] . For example, hospital ownership [10] , acute myocardial infarction (AMI) case volume [11] , the presence of cardiovascular specialists [12, 13] and public disclosure [14] have been identified as characteristics that can affect hospital performance in AMI care. Despite the importance of time trend analyses for evaluating improvements in hospital performance, there are few studies that have investigated the relationship between hospital characteristics and time trends of improvement; also, these studies have generally employed graphical analyses of time trends without statistical analysis [15] , or have only utilized simple univariable analyses [3, 16, 17] . A method that allows analysts to control for factors that affect healthcare quality is needed to better understand hospital performance and their time-related changes. By identifying the factors that affect hospital performance and trends in improvement, policymakers would be better equipped to design effective measures to improve quality of care.
In addition, the directionality of the relationship between hospital performance and participation in public disclosure programs is ambiguous. Although participation in such programs may provide incentives for hospitals to improve their quality of care, it is also possible that hospital performance may influence the initial decision to participate in voluntary public disclosure programs. McCormick et al. [14] reported that lower-scoring health maintenance organizations are more likely to cease the public disclosure of performance data. However, it is unclear whether baseline performance in quality measures affects the initial decision to participate in public disclosure programs. Many hospitals that participate in such programs in Japan do so voluntarily, which may introduce a level of bias to any study based solely on these hospitals. This bias can arise because the hospital performances available to the public are limited to what hospital managers allow to be disclosed [18] . Therefore, hospitals participating in these programs with seemingly poorer quality of care may in fact have better performance than many non-participant hospitals. Determining whether these public disclosure programs are subject to this type of bias would allow better interpretation of disclosed performances in quality measures.
The Quality Indicator/Improvement Project (QIP) is an initiative designed to monitor and improve clinical performances in acute care hospitals in Japan through the analysis of administrative claims data. The program is administered by the Department of Healthcare Economics and Quality Management, Kyoto University. Participant hospitals voluntarily provide data for analyses, and research findings are periodically reported in feedback to these hospitals. In December 2010, the QIP began the public disclosure of hospital performance in process measures in a format that facilitates interinstitutional comparisons [19] . QIP member hospitals were given the choice to allow named public disclosure of performance or to do so anonymously. This enabled a novel approach for analyzing the relationship between hospital performance and public disclosure, as the QIP data would include not only hospitals that have agreed to public disclosure of performance, but also include hospitals that have not agreed to do so. This is in contrast to previous studies, which have tended to focused only on hospitals already participating in public disclosure programs.
The objective of our study was to elucidate hospital characteristics associated with hospital performance and time trends in quality of care using multilevel multivariable analysis of longitudinal data. We limited our analysis to AMI patients in order to reduce the inherent variations in health statuses and care among different diseases and to allow evaluations using disease-specific measures.
Methods

Data source
All hospitals included in analysis were voluntary participants of the QIP. These hospitals use the Diagnostic Procedure Combination (DPC) reimbursement system for acute care hospitals in Japan. The DPC system uses Diagnosis-Related Group (DRG)-like patient classification, and all data are produced in a standardized format. We extracted DPC data from AMI patients discharged from 114 QIP member hospitals between January 2008 and December 2011.
Quality measures
The following five process measures were selected for use in this study: proportions of AMI patients who were administered (i) aspirin at admission, (ii) aspirin at discharge, (iii) β-blockers at admission, (iv) β-blockers at discharge and (v) angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) during hospitalization. These measures were selected due to their frequent use as quality indicators in AMI patients [2-7, 16, 17] . Adoption of the metrics from DPC data and calculation of measures were performed by the QIP.
A composite score was calculated to provide a more stable measure that assesses general hospital performance. Several methods to calculate composite scores have been developed [20, 21] , and we adopted the opportunity model [22] approach for this study. The composite score based on the opportunity model was calculated by aggregating each hospital's individual measure's numerator values, and dividing them by the aggregated denominator values. We adopted this method because the numbers of opportunities for each measure were well balanced, which negates the effects of weighting-a common problem associated with this method [20] . Additionally, this method has been used by organizations [22] and previous studies [4, 5, 7, 16] .
In order to reduce the effects of outlier institutions with too few cases, hospitals with fewer than 10 eligible cases a year were excluded from analysis. The individual quality measures and composite score for each hospital were calculated for each year of the study period.
Public disclosure
The QIP began public disclosure of performance measures in December 2010. The disclosed performance indicators were limited to process measures, and were presented in a graphical or quantitative format that encouraged multi-institutional comparisons.
All QIP hospitals have participated in the anonymous disclosure of performance in these quality measures since August 2010; in December 2010, the hospitals were allowed to choose to continue the anonymous disclosure of their performance, or to allow for public disclosure with their hospital name published.
Hospital characteristics
Hospital structural characteristics have been shown to affect hospital quality of care [9] . In this study, we included the following characteristics as covariates: hospital ownership [10] (municipal, public and private), AMI case volume [11] , number of cardiovascular specialists per AMI patient [12, 13] and disclosure status (named or anonymous). AMI case volume and number of cardiovascular specialists per AMI patient were grouped into quartiles based on total numbers over 4 years.
Statistical analyses
Using Spearman's rank correlation test, we first analyzed the correlations between the composite score and the five AMI process measures to verify that the composite score was representative of the individual measures. We then used the Mann-Whitney U-test to analyze if there were differences in disclosure statuses for different hospital characteristics.
To examine the relationship between hospital characteristics and time trends in performance, we constructed multilevel generalized linear mixed models (GLMMs) with random intercepts and random slopes. We used baseline performances in quality measures in 2008 as the intercept and the changes in odds for each subsequent year as the slope. The slope is, therefore, indicative of time trends in performance in the quality measures. To examine our hypothesis that hospitals have different time trends in performance according to hospital characteristics, we tested the null hypothesis that there are no differences in time trends in performance among different hospital characteristics (relative to a referent category). The dependent variables of the models were calculated at the patient level. We used a binary distribution with a logit link function, where the requirements of each quality measure were either met or unmet. Patients were clustered at the hospital level, and hospitals were nested within each hospital characteristic subgroups. Covariance components refer to the correlations between intercepts and slopes; these were included to estimate ceiling effects, which reflect the association between higher performance and diminished improvement caused by a reduced capacity for improvement. Additionally, we also examined a hypothesis that there are hospital subgroups that show absolute improvement (not relative improvement), and subgroups that do not. Here, we tested the null hypothesis that the coefficient of each slope has a value of 0.
We decided to utilize GLMMs for three reasons: first, the multilevel model is better suited for longitudinal data because this approach can account for the correlations between repeated observations from the same hospital [23] . Second, this model allows us to avoid the effects from extremely low case volumes because each hospital's estimate is adjusted toward the overall mean [24, 25] . Third, we adopted the use of a random slope model because we did not assume that all hospitals would have the same slope.
All statistical analyses were conducted using SAS 9.2 (SAS Institute Inc., NC, USA). GLMM analyses were conducted using the GLIMMIX procedure. Statistical significance was set at P ≤ 0.05.
Results
The sample size for analysis was 26 210 eligible patients from 114 hospitals. The hospital characteristics of sample hospitals are presented in Table 1 . Public hospitals formed the majority of the sample, with municipal hospitals being the least represented. In addition, most hospitals in the sample were large (≥300 beds) teaching hospitals.
Overall performance in the process measures for the first and last years of the study period are summarized in Table 2 . The prescription of aspirin and β-blockers at discharge showed substantial positive changes from 2008 to 2011, whereas aspirin at admission showed little change. Prescription of ACE inhibitors or ARBs during hospitalization, however, showed a large decline through the study period. The median value of aspirin at admission was observed to be very high, at nearly 90% in 2008. Table 3 shows the correlations between the composite score and the five AMI process measures. The composite score showed significant correlations with all individual measures.
The Mann-Whitney U-test was conducted to analyze the differences in disclosure statuses for different hospital characteristics, and these results are presented in Table 1 . The following hospital characteristics showed no statistically significant associations with agreement to public disclosure of hospital performance: hospital ownership, AMI case volume and the number of cardiovascular specialists per AMI patient. In contrast, statistically significant differences in the composite scores of hospital performance were observed between the disclosure statuses. However, the performances between hospitals with named disclosure and anonymous disclosure showed a high degree of overlap, and even hospitals with poorer performances demonstrated a relatively high level of agreement to named disclosure.
The results of the multilevel GLMM analysis of the composite score are presented in Table 4 . The analysis showed statistically significant differences in the intercepts among the quartiles of AMI case volume and different disclosure statuses. There were also significant differences in the intercepts and slopes among the quartiles of hospital ownership. However, there were no significant differences in performances according to the number of cardiovascular specialists per AMI patient. The correlation coefficient between the intercept and slope was estimated to have a moderately negative value.
The following covariates showed significant associations with the coefficient of the slope for the composite score: public and private hospitals, the second and fourth quartile groups of AMI case volume, and the first and fourth quartile groups of the number of cardiovascular specialists per AMI patient. These results are illustrated in Fig. 1 , which was prepared by linking the points of the various composite scores estimated for each year and for each subgroup. Hospitals with higher AMI case volumes were observed to have generally better performance in quality, in that the first and third quartile groups showed statistically significant upward trends. For the number of cardiovascular specialists per AMI patient, the first and fourth quartile groups showed statistically significant upward trends, as did public and private hospitals. Both of the disclosure groups also showed significant upward trends. 
Discussion
Our findings show that the following hospital characteristics were associated with hospital baseline performance and time trends in quality of AMI care: hospital ownership, AMI case volume and the number of cardiovascular specialists per AMI patient. In addition, hospitals that chose to participate in named disclosure had higher baseline performances than those that selected anonymous disclosure. As previous studies have generally focused only on hospitals that participate in named disclosure, one of the novel contributions of this study is the use of longitudinal data that also include hospitals opting to participate in anonymous disclosure. Furthermore, the use of an advanced multilevel multivariable model allows us to account for the various factors that affect hospital performance when analyzing quality improvement. The variations in time trends in the composite scores among hospitals revealed two findings. First, time trends were associated with baseline performance; hospitals with low baseline performances tended to show upward trends, whereas hospitals with high baseline performances showed downward trends. Despite using a logit function as the link function to the dependent variable, the relationships between baseline performance and time trends demonstrated ceiling effects. This implies that it is important for researchers and policymakers to take baseline performances into account when comparing improvements in quality measures. Second, hospital characteristics were associated not only with hospital performance, but also with time trends in quality of care. Hospitals with higher AMI case volumes and more cardiovascular specialists showed trends of improvement when compared with hospitals with similar baseline performances but lower case volumes and fewer specialists; this latter group of hospitals demonstrated a more consistent plateau over the study period. In particular, hospitals in the first quartile group of AMI case volume showed poor performance in 2008, with no observable improvements. These hospitals may, therefore, benefit from interventions to improve quality of care, such as educational programs for staff or patient centralization.
The alternating plateaus and trends of improvement among the hospital quartile groups suggest that improvements may occur intermittently. According to an evidence-based practice implementation model [26] , quality improvement activities follow a cycle that includes an implementation phase and a sustainment phase. The results shown in Fig. 1 may be interpreted as hospitals with higher case volumes or more specialists progressing to the implementation phase more quickly than hospitals with lower case volumes and fewer specialists. However, our findings are unable to support definitive conclusions regarding these processes, and further empirical studies are required.
Hospitals that agreed to named disclosure tended to have better performance in quality of care measures than hospitals that chose to remain anonymous. As the initial decision to participate in named disclosure was made in 2010, our findings indicate that hospitals with better performance were more inclined to agree to named disclosure. This may have been influenced by reputational incentives [27] or a positive relationship between vigorous in-hospital quality improvement activities and disclosing performance activity. Evaluating the results of hospitals with named public disclosure should be conducted with the understanding that hospitals with seemingly poorer performances may actually be outperforming hospitals that have selected anonymous disclosure. Figure 1 Composite scores from 2008 to 2011 estimated from multilevel analyses categorized by hospital characteristics. The figure was generated by linking the points of the various composite scores estimated for each year and for each subgroup. **P < 0.01, *P < 0.05; the null hypothesis for these P-values is 'coefficient of the slope = 0'.
To our knowledge, this is the first trend analysis of quality improvement using multilevel GLMMs with random intercepts and random slopes. In analyses of trends in hospital performance using longitudinal data, multilevel models have statistical advantages over the graphical analyses [15] or simple univariable analyses [3, 16, 17] employed in previous studies. Therefore, researchers planning to investigate trends in hospital performances may benefit from the use of similar statistical models.
In conclusion, we utilized a multilevel multivariable analysis of longitudinal data to clarify the hospital characteristics associated with baseline performance and trends in hospital performance in AMI care. Time trends in improvements were found to be associated with baseline performance and several hospital characteristics. Furthermore, hospitals that agreed to named disclosure of performance were likely to have better quality of care at the initial point of public disclosure. These findings can inform decision-makers in the development of quality improvement policies, and allow a greater understanding and interpretation of disclosed performances in quality measures.
